
FINAL
ENVIRONMENTAL
IMPACT STATEMENT

Brightwater
Regional Wastewater
Treatment System

APPENDICES

7-F
EELGRASS SURVEY RESULTS FOR

THE BRIGHTWATER MARINE
OUTFALL ALTERNATIVES



Final

Appendix 7-F
Eelgrass Survey Results for the

Brightwater Marine Outfall Alternatives

September 2003

Prepared for King County by
Parametrix, Inc.
Kirkland, WA

and

King County Dept. of Natural Resources and Parks
Seattle, WA

For more information:
Brightwater Project
201 South Jackson Street, Suite 503
Seattle, WA  98104-3855
206-684-6799 or toll free 1-888-707-8571

Alternative formats available upon request
by calling 206-684-1280 or 711 (TTY)



Eelgrass Survey Results for the Brightwater Marine Outfall Alternatives 

 

September 2003 Survey Results -i 

Table of Contents 
 

1. INTRODUCTION ................................................................................................................1 
1.1. Survey Purpose ..........................................................................................................................1 
1.2. Site Description..........................................................................................................................2 

2. SURVEY METHODS..........................................................................................................3 
3. RESULTS...........................................................................................................................5 

3.1. Zone 7S-- Richmond Beach.......................................................................................................5 
3.1.1. Substrate Characteristics...............................................................................................5 
3.1.2. Eelgrass Distribution.....................................................................................................5 
3.1.3. Macroalgae ...................................................................................................................8 
3.1.4. Organisms .....................................................................................................................8 

3.2. Zone 6 ........................................................................................................................................8 
3.2.1. Substrate Characteristics.............................................................................................12 
3.2.2. Eelgrass Distribution...................................................................................................12 
3.2.3. Macroalgae .................................................................................................................12 
3.2.4. Organisms ...................................................................................................................12 

3.3. Zone 7S--Point Wells Preferred Alignment.............................................................................17 
3.3.1. Substrate Characterization ..........................................................................................17 
3.3.2. Eelgrass Distribution...................................................................................................17 
3.3.3. Macroalgae .................................................................................................................19 
3.3.4. Organisms ...................................................................................................................19 

4. CONCLUSIONS ...............................................................................................................21 
5. REFERENCES .................................................................................................................23 

 Appendices 

Appendix A Richmond Beach Eelgrass Survey Datasheets 

Appendix B Zone 6 Eelgrass Survey Datasheets 

Appendix C Point Wells Eelgrass Survey Datasheets  



Point Wells Eelgrass Macroalgae Habitat Survey 

 

ii - Survey Results  September 2003 

List of Figures 

Figure 1 Outfall Siting Area 

Figure 2 Eelgrass Survey Transects Outfall Zone 6  

Figure 3 Eelgrass Survey Transects Zone 7S, Point Wells 

Figure 4 Eelgrass Survey Transects Zone 7S, Richmond Beach 

Figure 5 Quadrat Locations at Permanent Markers 

Figure 6 Apparatus for Locating Quadrats at Permanent Markers 

Figure 7  Outfall Zone 7S – Richmond Beach – Mean Eelgrass Density 

Figure 8 Outfall Zone 6 – Mean Eelgrass Density 

Figure 9 Outfall Zone 7S – Point Wells – Mean Eelgrass Density 

List of Tables 

Table 1 Richmond Beach-- Zone 7S Eelgrass Distribution.......................................................6 

Table 2 Richmond Beach-- Zone 7S Macroalgae Distribution................................................10 

Table 3 Zone 6 Eelgrass Distribution ......................................................................................13 

Table 4 Zone 6 Macroalgae Distribution .................................................................................15 

Table 5 Zone 7S ─ Point Wells Eelgrass Distribution.............................................................18 

Table 6 Zone 7S ─ Point Wells Alignment Macroalgae Distribution .....................................20 

Table 7 Summary of Eelgrass Distribution at Brightwater Marine Outfall Alternatives and 
Amount of Eelgrass that Would be Disturbed During Construction of a 25-foot Wide 
Sheeted Trench ...........................................................................................................21 

 



Eelgrass Survey Results for the Brightwater Marine Outfall Alternatives 

 

September 2003 Survey Results -1 

1. INTRODUCTION 

King County has prepared a Draft Environmental Impact Statement (Draft EIS) and Final 
Environmental Impact Statement (Final EIS) on the Brightwater Regional Wastewater Treatment 
System. The Final EIS is intended to provide decision-makers, regulatory agencies and the public 
with information regarding the probable significant adverse impacts of the Brightwater proposal 
and identify alternatives and reasonable mitigation measures.  

King County Executive Ron Sims has identified a preferred alternative, which is outlined in the 
Final EIS. This preferred alternative is for public information only, and is not intended in any way 
to prejudge the County's final decision, which will be made following the issuance of the Final 
EIS with accompanying technical appendices, comments on the Draft EIS and responses from 
King County, and additional supporting information. After issuance of the Final EIS, the King 
County Executive will select final locations for a treatment plant, marine outfall and associated 
conveyances.  

The County Executive authorized the preparation of a set of Technical Reports, in support of the 
Final EIS. These reports represent a substantial volume of additional investigation on the 
identified Brightwater alternatives, as appropriate, to identify probable significant adverse 
environmental impacts as required by the State Environmental Policy Act (SEPA). The collection 
of pertinent information and evaluation of impacts and mitigation measures on the Brightwater 
proposal is an ongoing process. The Final EIS incorporates this updated information and 
additional analysis of the probable significant adverse environmental impacts of the Brightwater 
alternatives, along with identification of reasonable mitigation measures.  Additional evaluation 
will continue as part of meeting federal, state and local permitting requirements. 

Thus, the readers of this Technical Report should take into account the preliminary nature of the 
data contained herein, as well as the fact that new information relating to Brightwater may 
become available as the permit process gets underway. It is released at this time as part of King 
County's commitment to share information with the public as it is being developed. 

1.1. SURVEY PURPOSE 
As part of the siting process for a proposed marine outfall for the Brightwater Treatment Plant, 
King County Department of Natural Resources and Parks documented the distribution and 
abundance of eelgrass and macroalgae along the Puget Sound shoreline from approximately 
Mukilteo south to Shilshole Marina (Woodruff et al., 2001).  The original survey was conducted 
in 1999 with hydroacoustic and video equipment towed from a boat. That survey included the two 
candidate outfall zones (Zones 6 and 7S).  A small area surrounding the Chevron barge dock at 
Point Wells in Zone 7S, the area immediately south of the former Unocal pier in Zone 6, and the 
area north of the former Unocal pier to the Port of Edmonds’ marina in Zone 6 were not surveyed 
due to difficulties in maneuvering the boat and towed equipment near dock structures.  Since 
these areas are in close proximity to the alternative outfall alignments evaluated in the Final EIS, 
it was important to document eelgrass habitat in the area.    This document presents results from a 
quantitative eelgrass survey conducted by SCUBA divers between July 23 and August 18, 2003 
that fills the data gaps from the previous survey, and provides information for the Final EIS about 
eelgrass abundance and distribution along the proposed outfall alignments in the two candidate 
zones.  Diver surveys were conducted to provide comparable data for all proposed outfall 
alignments utilizing the same survey technique.   
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1.2. SITE DESCRIPTION  
Zone 6 is located offshore of Edwards Point and extends approximately 7,500 feet (ft) west from 
the shoreline to water depths of approximately 600 ft (Figure 1). There is a marine sanctuary at 
the north end of the zone and a major structure (the former Unocal pier) extending from the 
shoreline to approximately -50 ft mean lower low water (MLLW).  The proposed outfall 
alignment in this zone begins at the effluent pump station at the proposed treatment plant, extends 
west to the shoreline, then continues west into Puget Sound north of the pier.  The outfall would 
extend from the shoreline to a depth of approximately 600 ft below MLLW.  

Zone 7S is located offshore of Point Wells and extends approximately 7,500 ft west from the 
shoreline to water depths of approximately 700 ft (see Figure 1). The preferred alignment begins 
at Portal 19 on the southern edge of the Chevron Point Wells facility, extends on land to the tip of 
Point Wells, and then continues west into Puget Sound. The outfall would extend from the 
shoreline to a depth of approximately 600 ft below MLLW.  For comparative purposes, a second 
alignment in Zone 7S was also surveyed for eelgrass distribution and abundance. This second 
alignment leaves shore at the Richmond Beach area and extends west into Puget Sound. 
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2. SURVEY METHODS 

The eelgrass survey was conducted according to Washington Department of Fish and 
Wildlife (WDFW) guidelines for intensive eelgrass/macroalgae surveys (WDFW, 1999).  
A brief description of the methods is provided below and a more detailed description may 
be found in the Eelgrass Monitoring Survey Plan for the Brightwater Marine Outfall 
Alternatives  (King County, 2003).  The Zone 6 and Zone 7S Point Wells alignment 
surveys were conducted along thirteen transects placed perpendicular to shore (Figures 2 
and 3).  These transects were placed along the proposed outfall alignment and parallel to 
the alignment at 10, 20, 30, 55, 80 and 105 ft on both sides 

Only three transects were surveyed for the Richmond Beach alignment in Zone 7S  
(Figure 4).  These transects were placed along the potential outfall alignment and parallel 
to the alignment at 20 ft on both sides. This potential alignment was surveyed in order to 
obtain comparable data with the preferred alignment and to provide data for comparison 
to the previously collected hydroacoustic and video survey data. 

Each transect was initiated from digital global positioning system (DGPS) coordinate 
points located at the shoreward end of the proposed outfall alignment between + 0.5 to 
+15 ft MLLW.  The elevation of the shoreward end of the transect was based on the 
availability of contour data.  The shoreward end of a line marking each transect was fixed 
at the shoreline and extended west from the shoreline following predetermined compass 
headings.  Data were collected at 20 ft intervals along each transect. The offshore end of 
each transect was marked with a buoy to aid in the placement of adjacent transects.  The 
compass bearing of each transect from the starting point was noted on the field data sheet. 
The starting and ending point of all survey transects encompassed the entire eelgrass beds 
in the survey area. 

Divers recorded the following information for each transect; qualitative substrate type, 
eelgrass turion (shoot) counts using a 0.25 m2 quadrat placed at the 2, 6, and 10 o’clock 
positions for each survey position, and visually estimating percent cover of macroalgae 
using a 0.25 m2 quadrat placed at the 2, 6, and 10 o’clock positions at each survey 
position.  Data from the three quadrats at each survey position were averaged to obtain 
mean densities.  Additional information was also collected, including time and depth at 
each survey position and presence of easily observed invertebrate and vertebrate species.   
Fish and macroinvertebrates seen while conducting the eelgrass survey were noted.  The 
intent was to document easily observed invertebrates and vertebrates, not to perform a 
benthic analysis or search for organisms beneath rocks.  Species easily observed in the 
survey areas included fish, sea stars, crabs and, in intertidal areas, clams as evidenced by 
squirts or siphon holes. 

In intertidal areas for all zones, data was collected during low tide.  For Zone 6 transects, 
data between the 100 to 200 ft distance along the transects were collected by divers after 
the tide was sufficiently high to perform a dive. Data from 220 to 380 ft distance along 
the transects were collected visually from the vessel. This area consisted of a sand bar 
and the entire area was walked at low tide. No eelgrass or macroalgae was observed, 
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therefore, no diver transects were performed in this area.  Data between the 400 to 560 ft 
distance along the transects were collected by divers.   

In Zone 7S along the preferred alignment, data between the 0 to 200 ft distance along the 
transects were collected intertidally.  From 220 ft to the end of the transects, data were 
collected by divers. 

Survey positions along the preferred alignment in Zone 7S, and at the 10, 55, and 105 ft 
transects on either side of the preferred alignment transect were permanently marked in 
the field with 2-foot PVC stakes driven 1.5 ft into the substrate to allow for repeatable 
surveys.  Repeat surveys at permanent markers can be problematic as plant debris can 
become caught on the marker and dragged along the bottom, scouring a circular area of 
up to a meter in radius.  Therefore, at the permanently marked stations, quadrats were 
placed slightly differently to avoid the area that is vulnerable to future scouring (Figure 
5).   As shown in Figure 5, a one-meter extension pole was attached to a proximal corner 
of the quadrat, so the three survey observations could be collected outside a one-meter 
arc around the permanent marker.  A photograph of the apparatus is presented in Figure 
6.  When viewed from above, the extension pole was attached to the right proximal 
corner of the quadrat.  The base of the extension pole was fitted with a flat plate with a 
hole that fit over the survey stake.  The plate was marked in such a way to allow 
alignment of the quadrat in the three positions indicated on Figure 5.  The quadrat that 
was placed one meter down the transect from the survey position (i.e., one meter in the 
offshore direction) was designated the 2 o’clock position.  The quadrat 120 degrees 
clockwise around the arc (viewed from above) from the 2 o’clock position was 
designated the 6 o’clock position, and the quadrat 240 degrees clockwise around the arc 
(viewed from above) from the 2 o’clock position was designated the 10 o’clock position.  
These three positions still represent replicates of the survey position, but are protected 
from future scouring around the marker. 

Quadrats at survey positions lacking a permanent marker were placed at the conventional 
2, 6, and 10 o’clock positions adjacent to the survey position (the 6 o’clock quadrat being 
on the onshore side of the survey position, centered on the transect).  A compass was 
used to align the quadrats with the transects. 
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3. RESULTS 

3.1. ZONE 7S-- RICHMOND BEACH 
The Richmond Beach alignment was surveyed on July 23, 2003.  The survey was 
performed by placing a base transect line along the alignment from approximately +0.5 ft 
to –20 ft MLLW.  The transect line was marked with flags at 20 ft intervals along the 
line.  The transect starting coordinates were supplied by King County and were located 
on the beach using Trimble DGPS equipment.  The starting location was approximately 
100 ft seaward of riprap located at  +0.5 ft MLLW.  An anchor was placed at this location 
and the attached transect line was deployed off the bow of a vessel as it motored offshore 
along the outfall alignment.  Vessel movement was tracked on the screen of the DGPS 
along the preloaded alignment to ensure that the transect was placed accurately along the 
alignment.  At the offshore position, the end of the transect line, with weights attached, 
was lowered to the bottom and marked with a float.  Additional weights with floats were 
placed along the alignment at 200 ft intervals to help hold the line in position for the 
survey crew during deployment. 

Data were collected along the central baseline transect and along additional transects 
parallel to the base transect at 20 ft intervals in both directions. Data were collected at 20 
ft increments along the length of all three transects.  A compass and tape measure were 
used to locate the survey positions off of the central baseline transect.  At each survey 
position, quadrat counts were made at the 2, 6, and 10 o’clock positions.  Time and depth 
(based on the divers depth gauge) were recorded for each position so that tidal corrections 
could be calculated. 

3.1.1. Substrate Characteristics 
The seafloor slope is gradual extending seaward from +0.5 ft MLLW.  The substrate 
along the transects from +0.5 ft MLLW seaward consists almost entirely of sand, with 
visual observations ranging from 90-100% sand.  A few small patches of gravel and 
cobble substrate were observed throughout the survey; however, the majority of the 
survey area consists of sand.  The lower intertidal area gradually slopes to approximately 
–10 ft MLLW at approximately 1,200 ft offshore.  The survey did not continue seaward 
beyond –10 ft MLLW, as additional vegetation was not present. 

3.1.2. Eelgrass Distribution 
Eelgrass data for the Richmond Beach alignment and parallel transects are presented in 
Table 1 and Figure 7.  Eelgrass was first observed at the 60 ft distance along the transects 
(+0.4 ft MLLW) and eelgrass terminated at 1240 ft (–9.8 ft MLLW).  
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Table 1.  Richmond Beach-- Zone 7S Eelgrass Distribution 

Average Density (shoots/m2) 

Transect # 
Distance Along 

Transect (ft) Depth (MLLW)a 20 ft N 
Outfall 

Alignment (0) 20 ft S 
0 +0.5 0 0 0 

20 +0.5 0 0 0 
40 +0.5 0 0 0 
60 +0.4 48 0 4 
80 -0.6 8 8 0 

100 -0.9 0 8 0 
120 -1.0 20 0 0 

140 -1.0 40 0 0 

160 -1.1 52 0 0 

180 -1.2 12 12 36 

200 -0.2 0 0 0 

220 -0.2 0 12 80 

240 +0.1 12 60 60 

260 +0.1 0 52 20 

280 +0.1 0 0 0 

300 +0.2 0 0 0 

320 +0.3 16 12 0 

340 +0.3 0 0 0 

360 +0.4 0 0 0 

380 +0.4 0 0 20 

400 -1.6 4 12 20 

420 -1.9 24 12 36 

440 -1.9 0 0 20 

460 -2.2 0 0 0 

480 -2.2 48 0 0 

500 -1.5 0 0 0 

520 -1.5 12 0 0 

540 -1.5 0 0 0 

560 -1.8 0 0 0 

580 -1.8 0 0 0 

600 -1.8 12 0 0 

620 -2.8 0 8 20 

640 -2.5 0 44 0 

660 -2.2 0 0 0 

680 -2.2 0 0 0 

700 -2.2 4 20 0 
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Average Density (shoots/m2) 

Transect # 
Distance Along 

Transect (ft) Depth (MLLW)a 20 ft N 
Outfall 

Alignment (0) 20 ft S 

720 -2.2 0 0 8 

740 -1.9 0 0 0 

760 -1.9 0 0 0 

780 -1.9 0 0 0 

800 -2.9 0 0 0 

820 -3.4 0 0 0 

840 -3.1 28 8 0 

860 -3.6 8 12 20 

880 -4.1 0 35 17 

900 -3.7 0 21 16 

920 -3.5 0 0 0 

940 -3.5 0 15 19 

960 -5.8 6 0 0 

980 -5.8 9 17 0 

1000 -5.8 16 2 8 

1020 -6.4 15 13 15 

1040 -6.1 0 0 0 

1060 -6.1 0 0 0 

1080 -6.9 0 0 0 

1100 -4.7 0 0 0 

1120 -4.7 0 0 0 

1140 -5.5 14 0 19 

1160 -6.3 10 18 8 

1180 -5.9 3 9 9 

1200 -6 38 3 22 

1220 -9 10 10 15 

1240 -9.8 0 0 0 

1260 -10.8 0 0 0 

1280 -12.5 0 0 0 
a depths are for transect #(0) 
Shaded cells denote monitoring stations where eelgrass was present. 
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In general, the eelgrass was patchy in distribution above –2.9 ft MLLW with narrow 
bands of eelgrass running parallel to the shoreline.  These bands covered two to four 
consecutive quadrat stations (i.e., they were 40-80 ft wide perpendicular to the shoreline) 
and were interspersed with areas devoid of eelgrass.  Eelgrass density within the patches 
averaged 24 shoots/m2 (standard deviation (sd) = 19 shoots/m2).  For all three transects 
surveyed, eelgrass density was 14 shoots/m2 (sd = 26 shoots/m2) within the quadrats, 
including quadrats with no eelgrass. 

Below –3.4 ft MLLW, approximately at a distance of 840 ft along the transects, eelgrass 
occurred in wider (up to 100 ft) and denser beds.  Average patch density in this region 
was 58 shoots/m2 (sd = 32 shoots/m2). 

3.1.3. Macroalgae 
Two species of macroalgae were observed in abundance in the survey area, Ulva sp. and 
Smithora naiadum.  The green alga, Ulva sp. was commonly observed from 0 to 420 ft 
along the distance of the transects (approximately +0.5 to –1.9 MLLW) either free-
floating within the eelgrass beds or attached to shell debris.  Percent cover of Ulva sp. 
ranged from 0-25%.   Below –1.5 ft MLLW, Ulva sp. was present but less abundant 
(coverage 0-5%) (Table 2).     S. naiadum is primarily an epiphytic species found on 
fronds of eelgrass in Puget Sound and percent cover for this species was not estimated.  S. 
naiadum associated with eelgrass was observed in the survey area from approximately –2 
ft to –9 ft MLLW.  Kelp was not observed in the survey area. 

3.1.4. Organisms 
Few invertebrates or fish were observed in the survey area.  In the shallower areas (+0.5 
to –0.2 ft MLLW), anemones (Anthopleura xanthrogrammica) were observed.  No clam 
siphons were observed within the quadrats.  Rock crabs (Cancer productus) and juvenile 
speckled sanddabs (Citharichthys stigmaeus) were the only other animals observed in the 
survey area and were generally observed below –3.0 ft MLLW. 

3.2. ZONE 6  
The Zone 6 alignment was surveyed on July 24, 2003.  The survey was performed by 
placing a transect line along the alignment from approximately the +2.0 ft MLLW to  –20 
ft MLLW.  The transect was placed as described for Richmond beach.  The transect line 
was marked with flags at 20 ft intervals along the line.  

Although only one physical transect line was placed using DGPS coordinates, 13 parallel 
transects were surveyed.  Data were collected along the central baseline transect and 
along additional transects placed at 10, 20, 30, 55, 80, and 105 ft on both sides of the base 
transect.  Survey positions along the side transects were located by using a compass and 
tape measure attached to each 20 ft mark along the central transect.  At each survey 
position, three quadrat counts were made at the 2, 6, and 10 o’clock positions.  Transect 
positions from the landward end to the 200 ft mark (-1.0 ft MLLW) were surveyed during 
an ebb tide.  Transect positions from 200 ft seaward to 560 ft (-6.0 ft MLLW) were 
surveyed on a flood tide.  Time and depth were recorded for each position so that tidal 
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corrections could be calculated.  The survey stopped at the -6.0 ft MLLW, as eelgrass and 
other macroalgae were not present beyond this depth. 
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Table 2.  Richmond Beach-- Zone 7S Macroalgae Distribution 

Average Density (% Cover) 

Transect # 
Distance Along 

Transect (ft) Depth (MLLW)a 20 ft S 
Outfall Alignment 

(0) 20 ft N 

0 +0.5 2 0 3 

20 +0.5 0 0 0 

40 +0.5 2 2 0 

60 +0.4 2 2 5 

80 -0.6 0 2 2 

100 -0.9 2 3 0 

120 -1.0 0 0 2 

140 -1.0 5 0 2 

160 -1.1 0 0 10 

180 -1.2 3 3 2 

200 -0.2 0 0 0 

220 -0.2 20 3 0 

240 +0.1 15 15 3 

260 +0.1 7 8 0 

280 +0.1 3 0 0 

300 +0.2 0 0 0 

320 +0.3 2 2 3 

340 +0.3 0 0 0 

360 +0.4 0 0 2 

380 +0.4 3 0 0 

400 -1.6 15 0 0 

420 -1.9 3 6 3 

440 -1.9 0 0 0 

460 -2.2 0 0 0 

480 -2.2 0 0 0 

500 -1.5 0 0 0 

520 -1.5 0 0 0 

540 -1.5 0 0 0 

560 -1.8 0 0 0 

580 -1.8 0 0 0 

600 -1.8 0 0 0 

620 -2.8 0 2 0 

640 -2.5 0 0 0 

660 -2.2 2 0 2 
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Average Density (% Cover) 

Transect # 
Distance Along 

Transect (ft) Depth (MLLW)a 20 ft S 
Outfall Alignment 

(0) 20 ft N 

680 -2.2 0 0 0 

700 -2.2 0 0 0 

720 -2.2 0 0 0 

740 -1.9 0 0 0 

760 -1.9 0 0 0 

780 -1.9 0 0 0 

800 -2.9 0 0 0 

820 -3.4 0 0 0 

840 -3.1 0 0 0 

860 -3.6 0 0 0 

880 -4.1 0 0 0 

900 -3.7 0 0 10 

920 -3.5 10 10 10 

940 -3.5 0 0 10 

960 -5.8 10 10 0 

980 -5.8 10 0 0 

1000 -5.8 0 0 0 

1020 -6.4 0 0 0 

1040 -6.1 0 0 0 

1060 -6.1 0 0 0 

1080 -6.9 0 0 0 

1100 -4.7 0 0 0 

1120 -4.7 0 0 0 

1140 -5.5 0 0 0 

1160 -6.3 0 0 0 

1180 -5.9 0 0 0 

1200 -6 25 0 25 

1220 -9 20 22 27 

1240 -9.8 2 0 0 

1260 -10.8 0 0 0 
1280 -12.5 0 0 0 

a depths are for transect #(0) 
Note: Macroalgae includes all algal species, excluding eelgrass 
Shaded cells denote monitoring stations where macroalgae was present. 
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3.2.1. Substrate Characteristics 
From +2.0 to +1.0 ft MLLW the substrate north of the proposed alignment consists 
primarily of gravel (90-100%).  Occasional small boulders were also observed.  South of 
the proposed alignment the substrate consists of sand (10-80%) and gravel (25-80%). 
Below +1.0 ft MLLW the substrate transitions to predominately sand with coverage 
below +0.3 ft MLLW 100% sand.   

3.2.2. Eelgrass Distribution  
Eelgrass data for the Zone 6 alignment and parallel transects are presented in Table 3 and 
Figure 8.  Eelgrass distribution in Zone 6 was characterized by a relatively wide bed 
beginning at the 60 ft mark along the transects (approximately +1.75 ft MLLW) and 
terminating at the 180 ft distance along the transects (approximately  +1.2 ft MLLW).  
The bed width varied but generally ranged from 40 to 140 ft wide (perpendicular to 
shore) and ran the entire breadth of the survey area (210 feet parallel to shore) (see Table 
3).  Bed width was wider along the transects placed south of the outfall alignment and 
began slightly higher up in the intertidal zone, particularly at the transects 55 to 105 ft 
south of the outfall alignment. There was no eelgrass observed below the 220 ft distance 
along the transects (approximately +0.1 ft MLLW).  Density of eelgrass within the bed 
was much greater than at Richmond Beach with an average density of 108 shoots/m2 (sd 
= 96 shoots/m2).  For all 13 transects surveyed eelgrass density was 21 shoots/m2 (sd = 60 
shoots/m2) within the quadrats, including quadrats with no eelgrass. 

3.2.3. Macroalgae 
The upper intertidal, consisting primarily of gravel, contains no macroalgae.  Macroalgae 
habitat begins where the intertidal starts to slope at approximately +2 ft MLLW.  

The green alga, Ulva sp. dominated the mid-intertidal area from approximately +1.0 to –
1.0 ft MLLW.  Algal cover was dense (up to 100% coverage) from 0 to the 100 ft mark 
along the transects (approximately +1.0 to +0.3 ft MLLW).  Ulva sp. was sparse from 
approximately +0.3 to –1.0 ft MLLW (average coverage approximately10%) and 
disappeared completely below the 440 ft distance along the transects.  Other algal species 
observed include Enteromorpha sp. and Mastocarpus papillatus.  Kelp was not observed 
in the survey area.  Macroalgae data for the Zone 6 alignment and its lateral transects are 
presented in Table 4. 

3.2.4. Organisms 
Few organisms were observed in the survey area.  Bivalve siphon holes were observed in 
the intertidal survey area where the substrate is a mix of gravel and cobble.  In the lower 
intertidal area (+0 ft MLLW) where substrate is sandy, few animals were observed.  
Juvenile speckled sanddabs were observed on the offshore sandy substrate (below –2.0 ft 
MLLW) throughout the survey area. 
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Table 3.  Zone 6 Eelgrass Distribution

Average Density (shoots/m2) 

Transect # 
Distance Along 

Transect (ft) 
Depth 

(MLLW)a 105N 80N 55N 30N 20N 10N 
Outfall 

Alignment (0) 10S 20S 30S 55S 80S 105S 

0 +2.0 0 0 0 0 0 0 0 0 0 0 0 0 0 

20 +1.0 0 0 0 0 0 0 0 0 0 0 0 16 16 

40 +1.0 0 0 0 0 0 0 0 0 0 0 128 244 192 

60 +1.0 0 60 356 128 32 208 320 0 8 16 28 0 320 

80 +0.0 0 172 64 188 180 152 164 180 268 24 64 336 288 

100 +0.3 12 148 160 112 20 8 12 88 112 52 12 188 52 

120 +0.6 0 0 12 68 0 160 12 84 52 12 160 232 80 

140 -0.3 32 24 96 124 16 0 0 72 148 0 280 240 100 

160 +0.3 0 0 40 0 0 0 0 44 84 72 12 160 288 

180 +1.2 0 0 20 0 0 0 12 28 80 0 8 0 0 

200 +1.0 0 0 0 0 0 0 0 8 0 0 0 12 0 

220 n/d 0 0 0 0 0 0 0 0 0 0 0 0 0 

240 n/d 0 0 0 0 0 0 0 0 0 0 0 0 0 

260 n/d 0 0 0 0 0 0 0 0 0 0 0 0 0 

280 n/d 0 0 0 0 0 0 0 0 0 0 0 0 0 

300 +0.1 0 0 0 0 0 0 0 0 0 0 0 0 0 

320 n/d 0 0 0 0 0 0 0 0 0 0 0 0 0 

340 n/d 0 0 0 0 0 0 0 0 0 0 0 0 0 

360 n/d 0 0 0 0 0 0 0 0 0 0 0 0 0 

380 n/d 0 0 0 0 0 0 0 0 0 0 0 0 0 

400 -2.1 0 0 0 0 0 0 0 0 0 0 0 0 0 

420 -2.3 0 0 0 0 0 0 0 0 0 0 0 0 0 

440 -1.9 0 0 0 0 0 0 0 0 0 0 0 0 0 

460 -3.1 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Average Density (shoots/m2) 

Transect # 
Distance Along 

Transect (ft) 
Depth 

(MLLW)a 105N 80N 55N 30N 20N 10N 
Outfall 

Alignment (0) 10S 20S 30S 55S 80S 105S 

480 -4.3 0 0 0 0 0 0 0 0 0 0 0 0 0 

500 -5.9 0 0 0 0 0 0 0 0 0 0 0 0 0 

520 -7.0 0 0 0 0 0 0 0 0 0 0 0 0 0 

540 -8.6 0 0 0 0 0 0 0 0 0 0 0 0 0 

560 -12.6 0 0 0 0 0 0 0 0 0 0 0 0 0 
a depths are for transect #(0) 
n/d = no data 
Shaded cells denote monitoring stations where eelgrass was present. 
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Table 4.  Zone 6 Macroalgae Distribution

Average Density (% Cover) 

Transect # 

Distance Along 
Transect (ft) 

Depth 
(MLLW)a 105N 80N 55N 30N 20N 10N 

Outfall 
Alignment (0) 10S 20S 30S 55S 80S 105S 

0 +2.0 0 0 0 0 0 75 75 75 75 75 75 75 75 

20 +1.0 0 0 0 72 82 93 78 90 75 80 80 75 42 

40 +1.0 0 0 75 50 57 57 78 40 50 40 28 10 20 

60 +1.0 75 53 32 58 75 45 10 90 80 25 85 80 25 

80 +0.0 75 13 57 8 13 27 37 68 8 58 58 10 20 

100 +0.3 17 7 3 8 8 8 10 8 7 10 78 20 58 

120 +0.6 20 0 0 3 0 13 3 13 5 5 7 5 20 

140 -0.3 7 17 3 2 2 0 0 13 10 0 10 7 20 

160 +0.3 20 17 7 0 0 7 8 17 15 3 12 22 5 

180 +1.2 40 20 10 10 10 10 10 10 20 10 7 3 0 

200 +1.0 27 20 10 0 0 10 0 7 0 3 10 7 3 

220 n/d 0 0 0 0 0 0 0 0 0 0 0 0 0 

240 n/d 0 0 0 0 0 0 0 0 0 0 0 0 0 

260 n/d 0 0 0 0 0 0 0 0 0 0 0 0 0 

280 n/d 0 0 0 0 0 0 0 0 0 0 0 0 0 

300 +0.1 0 0 0 0 0 0 0 0 0 0 0 0 0 

320 n/d 0 0 0 0 0 0 0 0 0 0 0 0 0 

340 n/d 0 0 0 0 0 0 0 0 0 0 0 0 0 

360 n/d 0 0 0 0 0 0 0 0 0 0 0 0 0 

380 n/d 0 0 0 0 0 0 0 0 0 0 0 0 0 

400 -2.1 3 0 0 0 0 0 0 0 0 0 0 0 0 

420 -2.3 0 0 0 0 0 0 0 0 0 3 0 0 0 

440 -1.9 0 0 0 2 0 0 0 0 0 0 0 0 0 
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Average Density (% Cover) 

Transect # 

Distance Along 
Transect (ft) 

Depth 
(MLLW)a 105N 80N 55N 30N 20N 10N 

Outfall 
Alignment (0) 10S 20S 30S 55S 80S 105S 

460 -3.1 0 0 0 0 0 0 0 0 0 0 0 0 0 

480 -4.3 0 0 0 0 0 0 0 0 0 0 0 0 0 

500 -5.9 0 0 0 0 0 0 0 0 0 0 0 0 0 

520 -7.0 0 0 0 0 0 0 0 0 0 0 0 0 0 

540 -8.6 0 0 0 0 0 0 0 0 0 0 0 0 0 

560 -12.6 0 0 0 0 0 0 0 0 0 0 0 0 0 
a depths are for transect #(0) 
n/d = no data 
Note: Macroalgae includes all species except eelgrass 
Shaded cells denote monitoring stations where macroalgae was present. 
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3.3. ZONE 7S--POINT WELLS  
The Point Wells, Zone 7S preferred alignment transects were established on August 7 and 
8, 2003 and the eelgrass survey was performed on August 11, 12 and 18, 2003.  Thirteen 
parallel transects, including the transect along the alignment, were established.  The 
parallel transects were established at 10, 20, 30, 55, 80, and 105 ft as described for Zone 
6.  Survey positions were spaced at 20 ft increments along each transect.  Survey 
positions along the 20, 30, and 80 ft north and south transects were located using 
compass bearings and tape measures attached to the stakes at the central alignment.  
Transects were established from +15 ft MLLW and extended offshore to approximately  
–20 ft MLLW. Eelgrass and other macroalgae were not present beyond this depth. 

3.3.1. Substrate Characterization 
The baseline transect along the outfall alignment began at the toe of a riprap wall 
bordering the Chevron Richmond Beach Asphalt Terminal.  At the toe of the riprap 
(+15.0 ft MLLW) the intertidal area generally consists of approximately 80% 
cobble/gravel substrate with small amounts of sand that extends throughout the study area 
to a depth of approximately –2.0 ft MLLW, or a distance of approximately 240 ft along 
the transect. Substrate changes primarily to sand from –2.0 to –20 ft MLLW.  The 
offshore area along the south 105 ft transect contained some gravel patches.  

3.3.2. Eelgrass Distribution 
Eelgrass data for the proposed Point Wells alignment and parallel transects are presented 
in Table 5 and Figure 9.  Eelgrass distribution along the preferred alignment at Point 
Wells was patchy north of the baseline transect and slightly wider and more continuous 
south of the baseline transect.  These findings are consistent with observations of 
Woodruff et al. (2001) who observed a large, moderately dense bed begin to terminate at 
the southern point of Point Wells.  Eelgrass appeared at the 220 ft distance along the 
transects (approximately –2.0 ft MLLW) and terminated at the 420 ft distance along the 
transects.  In areas where eelgrass was present, average density was 41 shoots/m2 (sd = 
28 shoots/ m2) with a maximum average density of 113 shoots/m2.   The highest densities 
were observed at depths between –4 to approximately –9 ft MLLW.  For all transects 
surveyed, average eelgrass density was 9 shoots/m2 (sd = 22 shoots/m2) within the 
quadrats, including quadrats with no eelgrass.  Eelgrass along the alignment transect 
(transect # 0) contained a narrow band of patchy eelgrass, approximately 100 ft in length. 
Average densities along the edge of this band ranged from 4 to 12 shoots/m2. 

Eelgrass distribution mirrors the bathymetry of the area.  The northern end of the survey 
area has a narrower shelf relative to the southern end.  To the north, the eelgrass 
terminates 320 feet from the shoreward terminus of the transect (-9.1 ft MLLW).  Along 
the southern end of the area the eelgrass terminates 400 ft from the shoreward terminus of 
the transect (-14.6 ft MLLW). 
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Table 5.  Zone 7S ─ Point Wells Eelgrass Distribution 

Average Density (shoots/m2) 

Transect # 

Distance Along 
Transect (ft) 

Depth 
(MLLW)a 105N 80N 55N 30N 20N 10N 

Outfall 
Alignment (0) 10S 20S 30S 55S 80S 105S 

0 int 0 0 0 0 0 0 0 0 0 0 0 0 0 
20 int 0 0 0 0 0 0 0 0 0 0 0 0 0 

40 int 0 0 0 0 0 0 0 0 0 0 0 0 0 

60 int 0 0 0 0 0 0 0 0 0 0 0 0 0 

80 int 0 0 0 0 0 0 0 0 0 0 0 0 0 

100 int 0 0 0 0 0 0 0 0 0 0 0 0 0 

120 int 0 0 0 0 0 0 0 0 0 0 0 0 0 

140 int 0 0 0 0 0 0 0 0 0 0 0 0 0 

160 int 0 0 0 0 0 0 0 0 0 0 0 0 0 

180 int 0 0 0 0 0 0 0 0 0 0 0 0 0 

200 int 0 0 0 0 0 0 0 0 0 0 0 0 0 
220 -2.0 0 0 5 0 12 4 8 8 19 0 23 39 0 
240 -2.6 20 31 0 52 19 0 11 15 8 65 25 36 100 
260 -3.3 0 44 0 36 11 113 67 0 8 0 0 0 4 
280 -4.2 0  60   0 25 39   0  27 
300 -6.0 96 49 81 85 49 40 49 79 57 73 53 5 0 
320 -10.9 47 19 45 0 4 0 5 5 24 65 63 65 47 
340 -14.8 0 0 0 0 0 0 0 0 7 16 67 63 65 
360 -21.8 0 0 0 0 0 0 0 0 0 0 16 49 87 
380 n/d 0 0 0 0 0 0 0 0 0 0 0 0 67 
400 n/d 0  0   0 0 0   0  17 
420 n/d 0  0   0 0 0   0  0 

a depths are for transect #(0) 
n/d = no data 
blank rows indicate data was either lost or not collected 
Shaded cells denote monitoring stations where eelgrass was present. 
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3.3.3. Macroalgae  
From the toe of the riprap substrate extending offshore to the transition between cobble 
and sand substrates algal cover is continuous and dominated by the green alga Ulva. sp.  
Based on visual inspections and the uniformity of algal cover in the intertidal, algal cover 
was only collected on August 11 and 12, 2003.  Algal coverages for the remaining 
transects (80, 30, and 20; north and south), should be considered equivalent to other 
transect stops.  Other species comprise less that five percent of the algal cover and consist 
of small amounts of the red algae Mastocarpus papillatus, Porphyra sp. and 
Sarcodiotheca sp.  Generally, Ulva sp. comprises approximately 95 percent of the 
coverage in this area.  At –1.5 ft MLLW Ulva sp. is present in lower concentrations than 
in the intertidal (coverage 10-30%).  Below –10 ft MLLW the substrate is sand with no 
algae.  Two to three individual stipes of the kelp Nereocystis sp. were observed in the 
subtidal project area.  On close observation, these plants were attached to small cobble 
and were most likely transient through the area or are rare recruits from floating kelp 
mats washed to shore from other locations.  Because of the predominantly sandy 
substrate, and the high algal cover in the shallow subtidal area, this location is not likely 
to sustain a reproducing kelp bed.  Though not common, a few blades of Laminaria sp. 
were observed scattered in the survey area. Macroalgae data for the proposed Point Wells 
alignment and its lateral transects are presented in Table 6. 

3.3.4. Organisms 
From +15.0 ft MLLW to approximately 0 ft MLLW, there were a few invertebrate 
species commonly observed.  The most frequent species observed was the barnacle 
Balanus sp., which was observed throughout the intertidal area up to approximately +6.0 
to +8.0 ft MLLW.  Few bivalve shells were observed, however, numerous siphons were 
observed in the lower portions of the intertidal indicating that bivalves were present.  
Shore crabs, limpets, and snails were also observed. 

Several species of fish were observed below approximately –2.0 ft MLLW.  Flat fishes 
including the speckled sanddab (Citharichthys sp.) and other flounders were seen in 
abundance throughout the survey area.  Schools of perch, most commonly the pile perch 
(Rhacochilus vacca) and the tube-snout (Aulorhynchus flavidus) were observed within 
the eelgrass beds. 

Although not recorded in survey quadrate, crabs, including the Dungeness crab (Cancer 
magister) and the red rock crab (Cancer productus) as well as Pugettia gracilis were 
occasional observed among the eelgrass in the deeper subtidal areas.  Other common 
species observed throughout the survey area include the moon snail (Polinices lewisii) 
and a small shrimp (Pandalus sp.).  On the offshore edges of the eelgrass (–10.0 ft 
MLLW), a few individual sea stars were observed including Evasterias troshelli and 
Pycnopodia helianthoides. 
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Table 6.  Zone 7S ─ Point Wells Macroalgae Distribution 

Average Density (% Cover) 

Transect # 
Distance Along 

Transect (ft) 
Depth 

(MLLW)a 105N 80N 55N 30N 20N 10N 
Outfall 

Alignment (0) 10S 20S 30S 55S 80S 105S 

0 int 0  0   0 0 0   0  0 

20 int 0  0   0 0 0   0  0 

40 int 0  0   0 0 3   0  0 

60 int 0  0   75 78 60   32  14 

80 int 3  17   35 75 70   77  58 

100 int 85  77   63 43 53   80  92 

120 int 78  72   50 50 62   77  82 

140 int 67  90   72 73 78   85  93 

160 int 83  82   80 80 77   77  47 

180 int 72  82   82 82 82   80  37 

200 int 58  80   87 82 88   93  82 

220 -2.0 83 77 75 93 63 83 63 68 75 60 68 82 62 

240 -2.6 45 27 77 40 75 72 60 52 33 40 57 72 32 

260 -3.3 10 2 53 43 40 18 15 1 42 10 28 28 3 

280 -4.2 0  13   0 7 3   0  3 

300 -6.0 22 15 23 17 17 5 10 37 37 23 13 2 0 

320 -10.9 8 5 10 0 5 0 8 8 7 12 42 32 40 

340 -14.8 0 0 0 0 0 0 0 0 2 5 78 18 37 

360 -21.8 0 0 0 0 0 0 0 0 0 0 3 8 50 

380  0 0 0 0 0 0 0 0 0 0 0 0 50 

400              15 

420              5 
a depths are for transect #(0) 
blank rows indicate data was either lost or not collected 
Note: Macroalgae includes all species except eelgrass 
Shaded cells denote monitoring stations where macroalgae was present. 
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4. CONCLUSIONS 

Table 7 summarizes the eelgrass survey results for the three proposed alignments, and 
estimates the amount of eelgrass that would be disturbed by outfall construction.  The 
amount of eelgrass disturbed was calculated by multiplying the area that would be 
disturbed by the average eelgrass density in that area.  The trench required to place the 
outfall would be sheeted to -30 ft MLLW, which would encompass the eelgrass beds.  
The sheeted trench would be up to 20 to 25 feet wide.  For the purpose of these 
calculations, trench width was assumed to be 25 ft (7.62 m).  The length used in the 
calculations was the length of the transect (provided in Table 7) because this is the length 
over which the eelgrass densities are averaged.   

The eelgrass density along the proposed alignments was estimated by taking the average 
of the central transect (i.e., the transect on the proposed alignment) and the lateral 
transects at 10 ft on either side of the central transect.  For the proposed Richmond Beach 
alignment (for which the closest transects to the central transect were at 20 ft on either 
side), the average was taken for just the central transect, and for the central transect and 
the lateral transects at 20 ft on either side of the central transect.  Including the lateral 
transects in the average gave the same average density along the proposed Richmond 
Beach alignment (14 shoots/m2), so the estimate of the amount of eelgrass disturbed 
during construction was the same either way.   

The proposed alignment offers the best opportunity to minimize and avoid impacts to 
sensitive eelgrass communities.  This alignment has the lowest eelgrass density both 
overall and within the patches (with the exception of the shallow beds at Richmond 
Beach) and the lowest density along the trench that would be required to construct the 
proposed alignment.  The amount of eelgrass disturbed at the proposed Point Wells 
alignment would be approximately one-third the amount of eelgrass that would be 
disturbed at the proposed Zone 6 alignment, and approximately one-sixth of the amount 
of eelgrass that would be disturbed at the potential Richmond Beach alignment. 

Table 7.   
Summary of Eelgrass Distribution at Brightwater Marine Outfall Alternatives and Amount of 

Eelgrass that Would be Disturbed During Construction of a 25-foot Wide Sheeted Trench 

Location 

Beginning 
Depth 

(ft MLLW) 

Ending 
Depth 

(ft MLLW) 

Transect 
Length 

(m) 

Density in 
Patches 

(shoots/m2) 

Density 
Along 
Trench 

(shoots/m2) 

Amount of 
Eelgrass 
Disturbed 

(thousand shoots)
Richmond 
Beach 

+0.7 -9.8 390 24a, 58b 14 41 

Zone 6 +1.7 -1.0 171 108 18 23 
Point Wells -1.5 -14.6 128 41 7 7 
a above -2.9 ft MLLW 
b below -2.9 ft MLLW 
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Appendix A 
Richmond Beach Eelgrass Survey Datasheets 



 

 

Richmond Beach – Outfall Zone 7S, July 23, 2003 
Datasheets 

 

Transect Stops— 20-foot intervals along each transect from 0 to 720 feet.   

Transects — 0, 20 feet North, 20 feet South.  Shown as column headings on the 
datasheets. 
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Appendix B 
Zone 6 Eelgrass Survey Datasheets 



 

 

Outfall Zone 6, July 24, 2003 Datasheets 

 

Transect Stops — 20-foot intervals along each transect from 0 to 460 feet.   

Transects — 105 North (N), 80 N, 55 N, 30 N, 20 N, 10 N, 0, 10 South (S), 20 
S, 30 S, 55 S, 80 S, 105 S.  Shown as column headings on the datasheets. 
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Appendix C 
Point Wells Eelgrass Survey Datasheets 



 

 

Point Wells - Outfall Zone 7S August 11-12, 2003 
Datasheets 

 

Transect Stops — 20-foot intervals along each transect from 0 to 240 feet.  
Shown as column headings on the datasheets. 

Transects — 105 North (N), 55 N, 10 N, 0, 10 South (S), 55 S, 105 S.   

 

 

Point Wells - Outfall Zone 7S August 18, 2003 Datasheets 

 

Transect Stops — 20-foot intervals along each transect from 0 to 240 feet.   

Transects —80 North (N), 30 N, 20 N, 20 South (S), 30 S, 80 S.  Shown as 
column headings on the datasheets. 
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